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6WXGLHV RQ WKH IHHGLQJ EHKDYLRXU RI $VLDQ
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'H%RHUHWDO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6WHLQKHLPHWDO3UDGKDQHWDO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)UHHUDQJLQJ $VLDQ HOHSKDQWV PRVWO\ LQKDELW
SRRUYLVLELOLW\ KDELWDW GLVSOD\ DJJUHVVLYH RU
DYRLGDQFH EHKDYLRXUV WR FORVH DSSURDFK E\
KXPDQ REVHUYHUV DQG DUH ODUJHO\ QRFWXUQDO
)HUQDQGR  OLPLWLQJ WKH XWLOLW\ RI GLUHFW
REVHUYDWLRQV)HHGLQJVLWHLQVSHFWLRQLVRIOLPLWHG
DSSOLFDELOLW\EHFDXVHHQXPHUDWLRQRIIRRGLWHPV
RQFHWKH\KDYHEHHQUHPRYHGLVGLIÀFXOWDOORZV
RQO\TXDOLWDWLYHDQDO\VLVDQGFDQEHFRQIRXQGHG
E\ IHHGLQJ RI RWKHU DQLPDOV ,VRWRSH DQDO\VLV
RQO\ SURYLGHV D JUD]HEURZVH UDWLR )DHFDO
PLFURKLVWRORJLFDO DQDO\VLV RYHUFRPHV PDQ\
GUDZEDFNV RI WKH RWKHU WHFKQLTXHV DQG FRXOG
SURYLGHGHWDLOHGLQIRUPDWLRQRQGLHWFRPSRVLWLRQ
DQGLWVLQGLYLGXDOWHPSRUDODQGVSDWLDOYDULDWLRQ
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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$ QXPEHU RI VWXGLHV KDYH EHHQ FRQGXFWHG RQ
JXWSDVVDJH WLPHVRI HOHSKDQWVXVLQJ VHHGVDQG
EHDGV DV PDUNHUV 'XGOH\  :HHUDVLQJKH
HW DO  &DPSRV$UFHL] HW DO  :H
IDLOHG WRÀQG DQ\ VWXGLHV UHSRUWLQJJXW SDVVDJH
WLPHV IRU IRGGHU RU DVVHVVLQJ WKH DSSOLFDELOLW\
RIPLFURKLVWRORJLFDOIDHFDODQDO\VLVWRHOHSKDQWV
LQ WKH SXEOLVKHG OLWHUDWXUH .QRZOHGJH RI JXW
SDVVDJHWLPHVDQGDQ\LQWURGXFHGELDVLVLPSRUWDQW
LQ LQWHUSUHWLQJ UHVXOWV RI PLFURKLVWRORJLFDO
IDHFDO DQDO\VLV (OHSKDQWV FRQVXPH ERWK JUDVV
DQGEURZVHDQG WKHLUGLHW FRQVLVWVRI OHDI\DQG
ZRRG\FRPSRQHQWV7KHUHODWLYHSURSRUWLRQVRI
IRUDJHFODVVDQGFRPSRQHQWLQWKHGLHWPD\YDU\
VHDVRQDOO\DQGE\KDELWDWZKLFKKDVLPSOLFDWLRQV
IRUGLJHVWLELOLW\DQGQXWULWLRQDOYDOXHRIFRQVXPHG
IRGGHU KHQFH KDELWDW VXLWDELOLW\.QRZOHGJH RI
WKHUHODWLYHFRQWULEXWLRQWRGLHWRIHOHSKDQWVIURP
GLIIHUHQWIRUDJHW\SHVDQGFRPSRQHQWVDQGWKHLU
LQGLYLGXDOWHPSRUDODQGVHDVRQDOYDULDWLRQLVRI
LQWHUHVWERWKLQWKHVWXG\RIWKHLUIHHGLQJHFRORJ\
DQGLQPDQDJLQJKDELWDWIRUHOHSKDQWV
7KH REMHFWLYHV RI WKLV VWXG\ ZHUH WR DVVHVV 
WKH JXW SDVVDJH WLPHV IRU IRGGHU  WKH XWLOLW\
RI PLFURKLVWRORJLFDO IDHFDO DQDO\VLV IRU WKH
TXDQWLWDWLYHHYDOXDWLRQRIGLHWFRPSRVLWLRQDQG
7KH$XWKRUV2SHQ$FFHVV

 WKH µZRRG\¶ FRPSRQHQW ZKHQ FRQVXPLQJ D
PDLQO\ OHDI\ GLHW DQG LWV YDULDWLRQ ZLWK PDMRU
IRUDJHW\SHV
0HWKRGV
7KH VWXG\ ZDV FRQGXFWHG DW WKH ¶0LOOHQLXP
(OHSKDQW )RXQGDWLRQ· LQ .HJDOOH 6UL /DQND
XVLQJWKUHHFDSWLYHHOHSKDQWV7KHVWXG\DQLPDOV
ZHUHRQHPDOH DQG WZR IHPDOH HOHSKDQWV DJHG
DQG\HDUVUHVSHFWLYHO\$OOWKUHHZHUH
LQJRRGKHDOWKWKURXJKRXWWKHVWXG\SHULRG7KHLU
UHJXODU GD\ URXWLQH FRQVLVWHG RI EHLQJ WHWKHUHG
LQ SODFH LQWHUDFWLQJ ZLWK WRXULVWV WDNLQJ WKHP
RQVKRUW ULGHVDQGEHLQJ WDNHQ WR WKHULYHUDQG
EDWKHG WZLFH D GD\ /LWWOH IRRG ZDV FRQVXPHG
GXULQJ WKH GD\7KH\ZHUH WHWKHUHG LQ SODFH DW
WKHHQGRIWKHGD\DQGSURYLVLRQHGZLWKFRFRQXW
SDOP IURQGV VXSSOHPHQWHG ZLWK JUDVV RU GLFRW
IRGGHUZKLFKWKH\FRQVXPHGWKURXJKWKHQLJKW
7KLVSDWWHUQRIIHHGLQJDQGDFWLYLW\ZDVSUHVHUYHG
GXULQJWKHHQWLUHH[SHULPHQWWRSUHYHQWDQ\HIIHFW
RQGLJHVWLRQLQGXFHGE\DVXGGHQFKDQJHLQWKH
IHHGLQJRUDFWLYLW\SDWWHUQ
)HHGLQJH[SHULPHQW
7KH WKUHH HOHSKDQWV ZHUH SURYLGHG ZLWK DQ
H[FOXVLYHGLHWRIFRFRQXWSDOP&RFRVQXFLIHUD
IURQGV IRU  GD\V DQ H[SHULPHQWDO IHHG RI
PHDVXUHGTXDQWLWLHVRIGLFRWJUDVVDQGFRFRQXW
SDOPIURQGVRYHUGD\VDQGDJDLQDQH[FOXVLYH
FRFRQXW SDOP IURQG GLHW IRU  GD\V 7KH GLFRW
FRPSRQHQW LQ WKH H[SHULPHQWDO IHHG FRQVLVWHG
PRVWO\RIFXWEUDQFKHVRI MDFNIUXLW $UWRFDUSXV
LQWHJUDIROLDDQGDIHZRIEUHDGIUXLW$UWRFDUSXV
DWLOLVRIZKLFKWKHHOHSKDQWVVWULSSHGWKHEUDQFKHV
DQG FRQVXPHGPDLQO\ WKH OHDYHV$ IHZRI WKH
VPDOOHU WZLJVDQGVRPHSLHFHVRIEDUNVWULSSHG
IURP WKH ODUJHU EUDQFKHV ZHUH DOVR FRQVXPHG
$VVXIÀFLHQWTXDQWLWLHVRI VLQJOH VSHFLHV VWDQGV
RIJUDVVZHUHQRWDYDLODEOHWKHJUDVVFRPSRQHQW
RI WKH H[SHULPHQWDO IHHG FRQVLVWHG RI DERXW 
JUDPLQRLGVSHFLHV7KHHOHSKDQWVZHUHSURYLGHG
ZLWK ZKROH FRFRQXW SDOP IURQGV ZKLFK WKH\
VWULSSHGFRQVXPLQJPDLQO\WKHOHDI\SDUW
7KHH[SHULPHQWDOIHHGRIGLFRWJUDVVDQGFRFRQXW
SDOP IURQGVZDV JLYHQ DW  K RQ DOO WKUHH
GD\VDQGD¶GD\·ZDVGHÀQHGDVVWDUWLQJDWWKDW
WLPHDQGH[WHQGLQJIRUKRXUV$WKHDFK
PRUQLQJDIWHUDQH[SHULPHQWDOIHHGXQFRQVXPHG
IRGGHUZDVZHLJKHGDQG WKH DPRXQW FRQVXPHG
HVWLPDWHG $V WKH LQWHUYDO EHWZHHQ SUH DQG
SRVWIHHGLQJ IRUDJH ZHLJKW GHWHUPLQDWLRQV ZDV
UHODWLYHO\FRROZLWKKXPLGLW\OHYHOVDSSURDFKLQJ
VDWXUDWLRQ ORVV RI ZHLJKW GXH WR GHVLFFDWLRQ
ZDVDVVXPHGWREHPLQLPDO2QO\FRFRQXWSDOP
IURQGVZHUHJLYHQGXULQJWKHGD\DQGWKHDPRXQW
FRQVXPHGZDVVLPLODUO\HVWLPDWHGDQGDGGHGWR
WKDWGD\·VGLHW7KHPHDQGDLO\PRLVWZHLJKWRI
IRGGHUFRQVXPHGE\DQHOHSKDQWRYHU WKH WKUHH
GD\VRIH[SHULPHQWDOIHHGZDVNJ
ZLWK WKHPHDQSHUFHQWDJHRIJUDVVDQGGLFRW LQ
WKHGLHWEHLQJDQG
UHVSHFWLYHO\
7R HVWLPDWH GU\ ZHLJKW IRU HDFK IRGGHU FODVV
D FRUUHFWLRQ IDFWRU ZDV GHULYHG E\ VXQGU\LQJ
WZR  NJ VDPSOHV IURP HDFK W\SH RI IRGGHU WR
FRPSOHWH GHVLFFDWLRQ 7KH \RXQJHU IHPDOH DQG
WKHPDOHZHUHQRWHG WRKDYHFRQVXPHGDVPDOO
DPRXQWRIGLFRWIRGGHURQRQHRIWKHLUZDONVRQ
WKHGD\SULRUWRWKHVWDUWRIWKHH[SHULPHQWDOIHHG
&RQVHTXHQWO\YDOXHVIRU WKHLUGLHWVRQ WKDWGD\
ZHUHH[FOXGHGIURPWKHDQDO\VLV
6DPSOHFROOHFWLRQ
7KH VWXG\ HOHSKDQWV SURGXFHG ² GXQJ SLOHV
GXULQJWKHGD\DQGDSSUR[LPDWHO\WKHVDPHLQWKH
QLJKW(DFKSLOHFRQVLVWHGRI²GLVFUHWHEROL,Q
DQDGXOWDEROXV LVDSSUR[LPDWHO\²FPLQ
FLUFXPIHUHQFHDQG²FPLQKHLJKW6DPSOHV
ZHUHFROOHFWHGE\EUHDNLQJRIIDSLHFHRIDEROXV
DSSUR[LPDWHO\JSODFLQJLWLQDVFUHZFDS
FRQWDLQHUDQGDGGLQJHWKDQRO6DPSOHVZHUH
VWRUHGDWDPELHQWWHPSHUDWXUH
%DVHGRQDSLORWVWXG\GXQJVDPSOHVZHUHFROOHF
WHG IURP WZR GD\V SULRU WR WKH FRPPHQFHPHQW
WRÀYHGD\V DIWHU FHVVDWLRQRI WKH H[SHULPHQWDO
IHHG )LYH VDPSOHV ZHUH FROOHFWHG SHU GD\ SHU
HOHSKDQW$V WKHHOHSKDQWVZHUH WHWKHUHGLQRQH
SODFH WKURXJKRXWQLJKWDOOGXQJSLOHVSURGXFHG
LQWKHQLJKWDFFXPXODWHGLQRQHKHDS7KHUHIRUH
VDPSOHV RQH DQG WZR ZHUH FROOHFWHG DW  K
WKHQH[WPRUQLQJIURPDEROXVDWWKHERWWRPDQG
WRS UHVSHFWLYHO\RI WKHRYHUQLJKWKHDSRIGXQJ
6DPSOHVWKUHHIRXUDQGÀYHZHUHFROOHFWHGIURP

DUDQGRPEROXVLQWKHGXQJSLOHGHSRVLWHGFORVHVW
WRDQGKUHVSHFWLYHO\
6DPSOHSUHSDUDWLRQ
$VXEVDPSOHRIDERXWJZDVWDNHQIURPHDFK
VDPSOHSODFHGLQDPOSODVWLFWXEHDQGERLOLQJ
ZDWHUDGGHGWRPO7KHWXEHZDVFDSSHGDQG
DJLWDWHGXQWLOWKHGXQJZDVEURNHQXSDQGWKHQ
OHIWVWDQGLQJIRUPLQZLWKRFFDVLRQDODJLWDWLRQ
5HPRYDO RI ODUJH LWHPV 6WRUU  KDV EHHQ
UHSRUWHGWRGHFUHDVHELDV(OHSKDQWGXQJFRQWDLQV
D ODUJHPDFURVFRSLFFRPSRQHQWZLWK LQGLYLGXDO
SLHFHV RI EDUN ZRRG\ ÀEUHV HWF PHDVXULQJ
PDQ\ FP LQ OHQJWK 7KHUHIRUH WKH VOXUU\ ZDV
ÀOWHUHG WKURXJK D PP VLHYH WR H[FOXGH WKH
PDFURVFRSLF IUDFWLRQ $V IUDJPHQWV VPDOOHU
WKDQ  PP FDQQRW EH FRQFOXVLYHO\ LGHQWLÀHG
0DUWLQ  DQG VDPSOLQJ IURP D UHODWLYHO\
KRPRJHQHRXV VL]H IUDFWLRQ UHGXFHV ELDV
&KDPUDG	%R[WKHÀOWUDWHZDVZDVKHG
XVLQJDPPVLHYHREWDLQLQJDIUDJPHQWVL]H
UDQJHRI²PP
7KH IUDJPHQWV ZHUH UHVXVSHQGHG LQ  PO RI
ZDWHUDQGDQHTXDOYROXPHRIGRPHVWLFEOHDFK
VROXWLRQ VRGLXP K\SRFKORULWH ZDV DGGHG WR
FOHDUWKHIUDJPHQWVRISLJPHQWWKDWZRXOGLPSDLU
LGHQWLÀFDWLRQ:LOOLDPV9DYUD	+ROHFKHN
 7KH VXVSHQVLRQ ZDV OHIW VWDQGLQJ IRU
DSSUR[LPDWHO\PLQXQWLODOOSDUWLFXODWHUHVLGXH
ZDV YLVLEO\ EOHDFKHG 7KH UHVLGXH ZDV DJDLQ
ULQVHGZLWKZDWHUHPSOR\LQJWKHPPVLHYHWR
UHPRYHWKHEOHDFKDQGDVFUDSLQJWDNHQZLWKD
VSDWXODIRUDQDO\VLV
0LFURVFRSLFLGHQWLÀFDWLRQ
7KHVFUDSLQJZDVSODFHGLQDFRXQWLQJFKDPEHU
ZLWKDPPJULGZDWHUDGGHGDQGWKHIUDJPHQWV
GLVSHUVHGRYHUWKHFRXQWLQJVXUIDFHDWDGHQVLW\
SUHFOXGLQJVLJQLÀFDQWRYHUODS%DUWRORPHHWDO
7KHFKDPEHUZDVRYHUODLGZLWKDFRYHUVOLS
DQG VFDQQHG V\VWHPDWLFDOO\ DW  ; XQGHU DQ
RSWLFDOPLFURVFRSH$SRLQWTXDGUDWPHWKRGZDV
XVHGWRFRQWUROIRUGLIIHUHQWIUDJPHQWDWLRQUDWHV
RI FRPSRQHQWV E\ FRXQWLQJ RQO\ WKH IUDJPHQWV
RYHUODSSLQJ FURVV SRLQWV RI WKH JULG 7DNDWVXNL
$PLQLPXPRIWRWDOIUDJPHQWVZHUH
LGHQWLÀHG DQG HQXPHUDWHG E\ IUDJPHQW FODVV DW
HDFKFRXQW
5HIHUHQFH VOLGHV RI HSLWKHOLXP IURP IRGGHU
VSHFLHV ZHUH PDGH WR IDFLOLWDWH LGHQWLÀFDWLRQ
RI HSLWKHOLDO IUDJPHQWV LQ GXQJ ZKLFK ZHUH
LGHQWLÀHGRQWKHEDVLVRIGHQVLW\VL]HDQGVKDSH
RI HSLGHUPDO FHOOV VWUXFWXUDO SHFXOLDULWLHV RI
WKH FHOO ZDOO DQG FHOOXODU LQFOXVLRQV 0DUWLQ
 =\]QDU 	 8UQHVV 0HVRSK\OO DQG
IUDJPHQWV ZLWKRXW D UHFRJQL]DEOH DUFKLWHFWXUH
ZHUH QRW FRXQWHG )UDJPHQWV ZHUH VFRUHG DV
¶JUDVV·¶FRFRQXW·¶GLFRW¶DQGµZRRG\¶
$QDO\VLV
7KURXJKSXWWLPHZDVHVWLPDWHGDVWKHGLIIHUHQFH
EHWZHHQWKHWLPHRIÀUVWLQJHVWLRQRIDSDUWLFXODU
LWHPDQGWKHWLPHRIFROOHFWLRQRIWKHÀUVWVDPSOH
ZLWKWKHSUHVHQFHRIWKHLWHPDVGHWHUPLQHGE\
PLFURKLVWRORJLFDODQDO\VLV(OLPLQDWLRQWLPHZDV
VLPLODUO\HVWLPDWHGDVWKHWLPHEHWZHHQWKHODVW
LQJHVWLRQ DQG WKH ODVW VDPSOH RI GXQJZLWK WKH
LWHP
7KHDFWXDO LQJHVWLRQRID IRRG LWHPFRXOGKDYH
WDNHQ SODFH DQ\WLPH EHWZHHQ SURYLVLRQ RI WKH
H[SHULPHQWDOIHHGDWKDQGLWVFOHDULQJWKH
QH[WPRUQLQJDWKU7KHUHIRUH WKH WLPHRI
LQJHVWLRQZDVWDNHQDVWKHPLGSRLQWRIWKLVSHULRG
ZLWKDQHUURURI(KIRUFDOFXODWLRQRIWKHWLPHV
RIWKURXJKSXWDQGHOLPLQDWLRQ$OWKRXJKLWZRXOG
KDYH EHHQ SUHIHUDEOH WR UHGXFH WKH SRVVLEOH
YDULDWLRQLQWLPHRILQJHVWLRQE\SURYLGLQJDFFHVV
WRWKHIRRGIRURQO\RQHKRXUWKLVZDVQRWGRQHLQ
RUGHUWRSUHVHUYHWKHUHJXODUSDWWHUQRIIHHGLQJ
7RWHVWWKHUHODWLRQVKLSRISHUFHQWGU\ZHLJKWRI
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RIPDUNHUV :HHUDVLQJKH HW DO 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2XU UHVXOWV LQGLFDWH WKDW WKH GXQJ RI HOHSKDQWV
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RXUUHVXOWVWREHUREXVWDQGFKDUDFWHULVWLFRIWKH
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7KH SUHVHQW VWXG\ LQGLFDWHV WKDW WKH SHUFHQW
HSLWKHOLDO IUDJPHQW RFFXUUHQFH RI GLHW FRP
SRQHQWV LQ WKH IDHFHV RI HOHSKDQWV LV D UHOLDEOH
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KLJKOHYHORIDFFXUDF\LQGLHWDVVHVVPHQWWKURXJK
PLFURKLVWRORJLFDO IDHFDO DQDO\VLV LQ HOHSKDQWV
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2XUWKDQNVWRWKHRZQHU0UV&6DPDUDVLQJKH
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WR XV LQ FDUU\LQJ RXW WKH VWXG\ 8.*.
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